Mll. tuberculosis strain H37Ra was employed.
The rate of growth of certain aerobic bacteria can be increased by aeration. In a previous publication (Lyon, Lichstein, and Hall, 1961) Mll. tuberculosis strain H37Ra was employed.
The experimental liquid medium was that developed by Dubos and Middlebrook (1947) . The tubercle bacilli were grown in 200 ml of medium dispensed in 500-ml Erlenmeyer flasks. The flasks were inoculated with 2 ml (equivalent to approximately 0.2 mg dry weight of bacilli) of a 7-day culture. Stationary cultures were rotated briefly by hand three times daily. The rotated (aerated) cultures were incubated in a rotary shaker at 140 rev/min. Incubation temperature was 37 C. Growth was measured as turbidity in a Coleman Junior spectrophotometer (model 6A) at a wavelength of 600 my. Samples (10 ml) were recovered at intervals, mixed with a Teflon grinder to insure a uniforin suspension of bacilli, and transferred to cuvettes (19 X 150 mm) for reading. The cultures were observed over a 21-day period.
RESULTS AND DISCUSSION Previous work (Lyon et al., 1961) effect on the growth of tubercle bacilli in aerated cultures when glucose was present in the medium (Fig. 2) or if no carbohydrate was added to the medium (Fig. 1) , but not when glycerol was the source of carbohydrate (Fig. 2) . Dubos and Davis (1946) encouraged dispersed growth of tubercle bacilli in liquid media by adding Tween 80 in order to depress surface tension. Dubos and Davis (1947) and Dubos and Middlebrook (1947) reported that the favorable effect of Tween 80 was reduced in the absence of serum albumin (the function of which is to bind free fatty acids) and by a low bacterial inoculum. These investigators indicated that oleic acid hydrolyzed from the Tween 80 molecule caused the alteration. Dubos (1946) had previously studied the effect of long-chain fatty acids on bacterial growth and had observed that oleic acid in concentrations as low as 10-6 M inhibited growth of tubercle bacilli in synthetic media. It is important to note that Dubos and Middlebrook (1947) used glucose as a source of carbohydrate in their media.
Tween 80 is an oleate ester of sorbitol and its anhydrides, condensed with polymers of ethylene dioxide. Hydrolvsis of the ester linkage releases oleic acid. Davis (1947a) reported that the titer of free fatty acid in commercial preparations of Tween 80 corresponded to 3% of the total fatty acid present, or 0.6% by weight if the fatty acid is calculated as oleic acid. Moreover, this concentration of free oleic acid was sufficient to media (Fig. 3C ). The addition of oleic acid to media devoid of Tween 80 (Fig. 3D ) also resulted in growth inhibition under rotary conditions. In contrast, oleic acid did not inhibit growth when added in concentrations as high as 50
,ug/ml of medium when glycerol was substituted for glucose (Fig. 4) . Tween 80 is beneficial for growth of this strain in liquid media under stationary conditions of incubation (Fig. 3A , B, C, and D). This may be attributed to the dispersed growth caused by the wetting agent and, according to Minami (1957) , the protective effect of Tween 80 selectively adsorbed to the cell surface that prevents the adsorption and inhibitory action of oleate.
Our studies indicate that, in the concentrations used, oleic acid is toxic to the growth of strain H37Ra in a glucose-containing medium under rotary conditions. The effect is not manifest when the medium contains glycerol, either as the sole source of carbohydrate or in combination 282 on October 27, 2017 by guest http://jb.asm.org/ Downloaded from with glucose. The hypothesis is submitted that glycerol, in addition to its function as a carbohydrate, has a protective role (Fig. 5) . It has been established previously that the lipid content of tubercle bacilli is greater when the organisms are grown in the presence of glycerol (Drea and Andrejew, 1T53) . Although definitive experimental proof is not available, a possible mode of action is the esterification of fatty acid with glycerol, probably at the cell surface, forming lipid materials. Such a mechanism could effectively reduce the concentration of free fatty acids in the medium to subinhibitory or even stimulatory levels.
The mechanism by which oleic acid exerts its toxic action on the growth of tubercle bacilli under aerobic conditions has not been resolved. The data herein presented make it known that the greatest toxic effect occurs during rotation 100 The possible relationship between the effects of oleic acid noted by these investigators and those described in the present paper is obscure.
